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Introduction
COPD is a multicomponent disease characterized by lung inflammation, airflow limitation, and gradual loss of lung function. COPD is estimated to become the fifthleading cause of years lost through early mortality or handicap (disability-adjusted life years) by 2020, 1 while according to World Health Organization estimates it is predicted to become the third-leading cause of global mortality by the year 2030.
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alexopoulos et al population (COPD incidence remains high in the elderly) and increased prevalence of COPD risk factors. 3, 4 COPD prevalence in Greece is estimated to be around 8.4% in those aged .35 years with a smoking history of .100 cigarettes per lifetime, 5 while a study in Northern Greece estimated the prevalence to be 5.6% among those 21-80 years of age. 6 It is however noted that in Greece the rate of undiagnosed COPD patients is very high. 7 COPD exacerbations are defined as events of acute onset, characterized by worsening in respiratory symptoms beyond the day-to-day variations and that may warrant a change in regular medication of the COPD patient. 8 They have been associated with decreases in the patients' quality of life, increased rate of decline of lung function, increased health care-resource utilization, and socioeconomic burden. [8] [9] [10] Notably, the best predictor of a subsequent exacerbation appears to be the occurrence of a previous exacerbation, with evidence pointing to a phenotype that is highly susceptible to exacerbations. 11, 12 Moreover, increased disease severity has been linked with an increased frequency of exacerbations 12, 13 and an increased risk of death following hospitalization. 14 The frequency of hospitalizations due to COPD appears to be amplified by the presence of comorbid conditions. 15 Hospitalizations due to COPD exacerbations 16, 17 and increased number of exacerbations are associated with increased mortality risk. 14 The economic burden of the disease increases with increasing disease severity, but is substantially augmented by exacerbations and hospitalizations, and especially with admissions to intensive care units (ICUs). 18, 19 A study conducted in northern Greece has estimated that the cost per severe COPD exacerbation is €1,711 and is dependent on the severity of the disease, ranging from €1,357 for GOLD (Global initiative for chronic Obstructive Lung Disease) stage to €2,614 for GOLD stage IV. 19 The observed higher cost per exacerbation in the very severe COPD stage is mainly attributed to the additional cost of ICU admissions. 19 These findings underscore the importance of reducing the frequency of COPD exacerbations and hospitalizations. Moreover, identification of potential factors associated with the frequency of exacerbations and hospitalizations may assist in alleviating not only the patients' burden but also the societal and economic burden of exacerbations and hospitalizations. In light of this, the present study aimed at collecting data from a large population in Greece with regard to the frequency of exacerbations, hospitalizations, and ICU admissions, as well as the length of hospital stay. Moreover, the study examined the factors associated with all the aforementioned measures.
Materials and methods study design and setting
GOLDEN was a nationwide, observational, multicenter, crosssectional study conducted over a 6-month period (October 2010 to March 2011) in Greece. The study design has been described previously in Papaioannou et al. 20 In brief, the study followed a nationwide sampling approach of respiratory medicine physicians across each of the 52 prefectures of Greece. All physicians were sampled at a single time point. In total, 218 respiratory care physicians expressed interest, and 199 (124 private practitioners and 75 hospital-based physicians) participated in the study, recruiting 6,125 patients. The pool of pulmonologists in Greece approximates 1,800. Therefore, the sample of pulmonologists that participated in the study represents approximately 11% of the total pool of the specialty. Physicians were asked to register all COPD patients consecutively visiting their office/clinic during the 6-month period.
The respiratory health care system in Greece is comprised of three levels of care: 1) primary care offered by general practitioners and private practice doctors; 2) secondary care offered by general hospitals, which includes treatment in the emergency department and inpatient care; and 3) tertiary hospitals, usually university hospitals, which provide more specialized care, such as intermediate care units and ICUs. Participating physicians were recruited from all three levels of respiratory care.
Data collected were recorded on case-report forms. Data captured included sociodemographic characteristics, smoking history, vital signs, blood gases, COPD characteristics (GOLD stage, 21 disease duration, and medical treatment, including compliance), comorbidities, presence and type of respiratory failure, and exacerbation characteristics (frequency per year and hospitalizations, including duration and ICU admissions), work absenteeism and retirement due to COPD.
The study was conducted under real-life conditions of daily clinical practice and in accordance with ethical principles that have their origin in the Declaration of Helsinki (ICH-GCP guidelines) and all applicable EU and local laws and regulations. The study received approval by the ethics committees of all participating hospital sites and the Greek National Organization of Medicines.
subjects
For enrollment in the study, patients needed to meet the following criteria: age greater than 40 years, COPD diagnosis according to the GOLD criteria, 21 and available medical history. Patients were excluded from the study if they had a history of asthma or had participated in a similar study during 
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COPD exacerbations and hospitalizations in greece the month preceding study enrollment. All patients were informed about the nature of the study and signed the informed consent form prior to any study-related procedures.
Definitions of study measurements
According to their smoking history, subjects were classified into three categories: never-smokers, ex-smokers, and current smokers. Ex-smokers were defined as smokers who had quit smoking for at least 12 months. Smoking history was measured by pack-years, defined as the number of cigarettes smoked per day divided by 20 and multiplied by the number of years of smoking.
Compliance with therapy was assessed via selection of one of five predefined options on the case report form according to the patient's report, indicating the level of compliance with COPD prescribed medication: never/practically never, once/twice a month, once a week, more than once a week, and almost daily.
Pre-and postbronchodilation (ie, 30 minutes after the administration of 400 μg salbutamol with a spacer), spirometry measurements were performed in all study subjects, and forced expiratory volume in 1 second (FEV 1 ), forced vital capacity (FVC), and FEV 1 /FVC ratio were recorded. Postbronchodilation values were used for the evaluation of COPD severity, according to 2010 GOLD guidelines. 21 
study objectives
The primary objective of the GOLDEN study was to record characteristics of COPD patients distributed across Greece in terms of disease severity and therapeutic management. Secondary objectives included the description of the burden of COPD in females vs males, as well as sex differences regarding functional characteristics, smoking habits, and frequency of exacerbations, which have been described in Papaioannou et al, 20 and the estimation of the incidence of newly diagnosed COPD patients in Greece. Herein, data regarding exacerbation frequency, frequency of hospitalizations, and ICU admissions due to COPD exacerbations, as well as factors influencing the frequency of exacerbations, hospitalizations, ICU admissions, and length of hospitalizations are presented.
statistical methods
For description of the qualitative variables, absolute (number of observations) and relative frequencies (percentages) were used. The description of the quantitative variables was based on the calculation of the median and interquartile range (IQR). Descriptive statistics were undertaken on patients with available data.
For the analysis of the number of exacerbations in the preceding year, hospitalizations (per year), days of hospitalization per exacerbation, and days of hospitalization in ICU, zero-inflated Poisson regressions were applied. The use of zero-inflated Poisson regression instead of the familiar Poisson regression is justified by the high number of zero values in our data. This choice was documented using a Vuong statistical test. 22 For analysis of the factors associated with admission to the ICU, logistic regression was applied. All regression analyses were based on data from a sample size of 6,114 patients.
Results
subject characteristics
Participating patients had a median age of 68.0 (IQR 60.0-75.0) years and a median body mass index (BMI) of 27.5 (IQR 24.9-30.6) kg/m 2 . The majority of the patients were male (71.3%). Regarding the patients' smoking status, 10.2% were never-smokers, 42.0% were ex-smokers, and 47.8% were current smokers (Table 1) .
More than half (54.7%) were classified as GOLD stage I or II, ie, with mild-to-moderate COPD. A total of 18.0% had been newly diagnosed. The median time since diagnosis was 10.0 (IQR 5.0-15.0) years. Most patients (71.8%) suffered from comorbid diseases, with 26.1% having one, 23.8% having two, 16.4% having three, and the remaining 15.6% having four or more comorbidities ( Table 2 ). The most commonly reported combination. Antibiotics as prophylactic treatment were used by 22% of the patient population, and preventative vaccination was recorded for 54% of the study population. Approximately 45% of the patients reported forgetting to take their medication at least once a month, of which only 8% reported forgetting to take their medication once per week. Regarding the inhaled bronchodilator therapy, patients reported preference (by 81%) for a therapy with fewer daily inhalations.
In the preceding year, patients had experienced a median of two exacerbations (IQR 0-3). The IQR for hospitalizations was 0-1, while the IQR of the number of days of hospitalizations for each exacerbation was 0-4. Details on the therapeutic management are provided in Table 2 .
risk factors associated with exacerbations in the previous year
Multivariate analysis was performed to examine the factors associated with the number of exacerbations during the preceding year (Table 3) . Patients aged 61-75 and $76 years had 13.7% (P,0.001) and 19% (P,0.001) fewer exacerbations, respectively, in the preceding year compared to those aged up to 60 years. Obese patients had 6.2% fewer exacerbations compared to those with a normal BMI (P=0.044, Table 3 ). Moreover, increased time since COPD diagnosis increased the number of exacerbations, as evident from higher incidence-rate ratio in both the 6-10 and $11 years since COPD diagnosis groups compared to those with #5 years since diagnosis (P,0.001 for both).
Notably, increased severity of COPD as defined by GOLD staging based on severity of airflow limitation was associated with an increased number of exacerbations. Specifically, compared to patients with GOLD stage I, those with GOLD stage III and IV had a greater number of exacerbations in the preceding year by 40% (P,0.001) and 74.5% (P,0.001), respectively. A similar trend was observed with increases in the number of comorbidities. Specifically, those with one, two, three, and four or more comorbidities had an increased number of exacerbations by 15.8%, 25.4%, 73.4%, and 78.5%, respectively, compared to those without comorbidities (all P,0.001). Medication omission was also positively associated with increased number of exacerbations, with those omitting their medication having 11.5% increased number of exacerbations in the preceding year compared to those who were compliant with their medication (Table 3) .
number of hospitalizations in the preceding year
According to the multivariate analysis adjusted for the covariates of the model, patients aged 61-75 years and those comorbidities were hypertension (55.3%), diabetes (20.6%), heart failure (19.4%), and gastroesophageal reflux (15.3%).
Of the patients recruited, 86.4% were receiving treatment for disease management. Approximately 36% reported receiving treatment on demand, 61.3% reported receiving maintenance treatment, and 2.8% did not fit either of the two groups. Approximately 60% of the total number of patients recruited were treated with a long-acting β 2 -agonist, a longacting anticholinergic, or an inhaled corticosteroid alone or in aged $76 years had 16.8% (P=0.017) and 21.9% (P=0.009), respectively, had higher expected number of hospitalizations compared to those aged up to 60 years. In addition, obese and overweight patients had an 11.5% (P=0.026) and 11.3% (P=0.047) decreased expected number of hospitalizations compared to those with a normal BMI (Table 3) . Moreover, patients with COPD duration of 6-10 years and $11 years had a 21.3% (P=0.003) and 54.3% (P,0.001) higher than expected number of hospitalizations per year, 
hospitalization in the intensive care unit
After the model was adjusted for the covariates, the following results were observed. Patients with a COPD diagnosis of $11 years had 75.5% higher odds of hospitalization in the ICU compared to patients whose disease diagnosis was up to 5 years (P=0.018). Furthermore, for patients with GOLD stage IV, the odds of hospitalization in the ICU were 2.8 times higher (P=0.002) than for patients with GOLD stage I. Additionally, for patients who omitted taking their medication, the odds of hospitalization in the ICU increased by 42.7% (P=0.043). Finally, the odds of hospitalization in the ICU were 5.5 times (P,0.001) higher in patients with four or more comorbidities than in patients with no comorbidities (Table 4) .
number of days of hospitalization in the intensive care unit
After we adjusted for the covariates of the model, female sex was associated with decreased expected number of days Table 4 ). According to the multivariate analysis, the expected number of days of hospitalizations in the ICU was inversely correlated with COPD-severity stage. Specifically, the expected number of days of hospitalizations in the ICU decreased by 69.7% (P,0.001), 40.8% (P=0.023), and 33.6% (P=0.05) in those with GOLD stages II, III, and IV, respectively, compared to those with GOLD stage I. In addition, current smokers had an increased expected number of days of hospitalization in the ICU, regardless of whether they were heavy or light smokers, compared to the never-smokers. Finally, patients with four or more comorbidities had an increased expected number of days of hospitalization in the ICU by 2.3-fold (P=0.004) compared to patients with no concomitant diseases ( Table 4) .
number of days of hospitalization for each exacerbation
Patients aged 61-75 years had a lower expected number of days of hospitalization for each exacerbation by 7.3% (P=0.013) compared to patients aged up to 60 years. Overweight patients had a decreased expected number of days of hospitalization for each exacerbation by 6.8% (P=0.008) than patients with normal BMI. Moreover, patients with COPD duration of $11 years had a lower expected number of days of hospitalization for each exacerbation by 6.1% (P=0.025) than those with duration up to 5 years, after adjusting for the covariates of the model (Table 5) .
Additionally, ex-smokers and mild smokers had a decreased expected number of days of hospitalization for each exacerbation by 11.3% (P=0.006) and 19.7% (P=0.001), respectively, than never-smokers. Patients with four or more comorbidities had an increased expected number of days of hospitalization for each exacerbation by 12.8% (P=0.013) than patients with no concomitant diseases, after adjusting for the covariates of the model (Table 5 ).
Discussion
The results of the present study demonstrate that disease severity (as assessed by the GOLD 2010 staging criteria) 21 and presence of comorbidities are among the strongest predictors of frequencies of exacerbations, hospitalizations, and admissions to the ICU. Specifically, in regard to comorbidities, patients with three and those with four or more comorbidities had a 73.4% and 78.5% higher expected number of exacerbations, respectively, while they had a 2.6-and 3.2-fold, respectively, greater number of expected hospitalizations compared to those without any comorbid conditions. In addition, the presence of at least four comorbid conditions increased the possibility of admission to the ICU by nearly 5.5-fold compared to those with no comorbidities 24 Moreover, several studies have associated comorbidities with decreased quality of life, negative impact on the outcomes of rehabilitation and short-term prognosis following hospitalization, and increased risk of mortality. [24] [25] [26] [27] Due to comorbidities' negative impact on the COPD patient, certain indices for their measurement have been applied. Of those, the Charlson index has been shown to be a specific indicator of mortality in patients with COPD. 25 Moreover, the COTE (COPD specific cOmorbidity TEst) index was developed and proven to be applicable as a tool assessing mortality risk of the COPD patient. 27 With regard to the severity of the disease, in the present study patients with GOLD stage IV compared to stage I had a higher number of expected exacerbations (by 74.5%), fivefold-higher number of expected hospitalizations, and nearly threefold-higher risk of ICU admission. Increased disease severity has been linked with an increased frequency of exacerbations 12, 13 and ICU admissions. 19 In Geitona et al, 19 the mean cost per severe COPD exacerbation in patients of northern Greece was nearly the same in patients with stage I, II, and III COPD (approximately €1,400), while it was increased by 85% in patients with stage IV disease (to approximately €2,600) as a result of increased number of ICU admissions in stage IV patients. This is especially important in light of findings indicating that a significant proportion of COPD patients in Greece experience two or more exacerbations per year and that the majority of exacerbations are moderate or severe and frequently lead to hospitalizations. 28 Collectively, these findings underscore the importance of decreasing the number of exacerbations for the COPD patient, in order to alleviate the disease burden and also the economic cost of the disease. In addition, the frequent-exacerbation phenotype describing patients who are particularly susceptible to exacerbations and more likely to be readmitted to hospital needs to be taken into account in regard to strategies to manage COPD comorbidities. 12 It is noteworthy that the use of inhaled corticosteroids, a therapeutic option proposed by GOLD recommendations for patients who have frequent exacerbations, was particularly high in the population recorded in the GOLDEN study, signaling that these might be patients who are possibly overtreated.
Among other important factors associated with increased number of exacerbations and hospitalizations, including ICU admissions, in the present study, was treatment compliance, with patients who omitted their medication expected to have an increased frequency of both exacerbations and hospitalizations (including to the ICU). In the present study, nearly 45% of patients reported forgetting their medication at a frequency greater than or equal to once or twice a month, in alignment with various studies suggesting that the rate of medication adherence in COPD is approximately 50%. 29 Adherence in COPD is commonly influenced by such factors as patient age, cost of the drug, comorbidities, and dosing frequency. 29, 30 It is worth mentioning that in the present study, more than 80% of the patients noted their preference for an inhaled bronchodilator with fewer inhalations. An additional factor that needs to be taken into account is the high incidence of comorbidities in our study population (71.8% had at least one comorbid condition), which likely increased the number of medications a patient received and negatively impacted medication compliance. Additionally, the number of hospitalizations appeared to be negatively associated with age. This is possibly signifying that as recorded in this study group, older patients might have fewer exacerbations that however might be more severe (due to the longer duration of COPD or the presence of more comorbidities), leading to more hospitalizations.
Concerning treatment management of the COPD patient, it should be noted that our patient population had a median of 10 years of diagnosis, while about 18.0% were newly diagnosed (indicating that they were not receiving any COPD medications at the time of the study visit). Most were receiving maintenance treatment, as expected by a patient population with a long duration of the disease. Notably, antibiotics as prophylactic treatment were used by merely 22% of the patient population, despite the fact that the use of antibiotics has been directly associated with decreased frequency of exacerbations. 31 Another interesting association is that obese and overweight patients had a lower expected number of exacerbations and hospitalizations compared to those of normal weight, although they had an increased duration of hospitalization in the ICU. Previous studies have in fact demonstrated an association of higher BMI with a lower mortality risk compared to normal BMI. 32, 33 Moreover, the elderly had a lower than expected number of exacerbations, but a higher number 
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COPD exacerbations and hospitalizations in greece of hospitalizations; older age has been described previously as a risk factor for hospitalization. 14, 34 Certain limitations of the study should be noted. In accordance with its observational design, our study may have been subject to patient-selection bias. In the present study, this limitation mainly stems from the fact that the study was conducted between October and March, thus encompassing all the winter months. Seasonal variations regarding COPD exacerbations, with a higher frequency observed during the winter season, might have introduced bias in the results obtained. 35 In addition, patients with mild COPD are more likely to be seen and treated by general practitioners. It is thus likely that patients with less severe disease are underrepresented in our study population, which was solely recruited by respiratory medicine physicians.
Moreover, comorbidities were recorded from patients' medical history and their personal medical files, which contain information on diagnostic examinations as well as on all prescribed medications. Therefore, in some patients this may have led to an underdiagnosis of comorbid conditions. On the other hand, it should be noted that data extraction from medical files provides more robust and unbiased data compared to data that would be collected through patient interview, which is subject to recall bias. In addition, the study involved a large sample size, limiting the influence of potential confounding factors on the study results. Additional strengths of the study include the fact that all levels of respiratory health care in Greece were represented, as well as that patients were recruited from all geographical regions of Greece, reflecting variations in societal and environmental factors as well as physician practices.
Conclusion
The GOLDEN study underscores the fact that the frequency of exacerbations and hospitalizations increases with disease severity and with a higher number of comorbidities. Moreover, compliance with treatment appears to be a significant factor in reducing the occurrence of exacerbations. In light of the impact of the Greek socioeconomic crisis on the health care system, as well as the high prevalence of COPD in our country, it is imperative that strategies are identified to improve COPD outcomes, decrease costs, and increase compliance with treatment. The results overall indicate the need for multifactorial management of the COPD patient, as well as for the identification of interventions that will decrease disease exacerbations and hospitalizations. Finally, our outcomes indicate the need to educate the COPD patient on early identification of symptoms, as well as on identification, reporting, and management of COPD exacerbations.
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